Abstract Previously, we have shown that aberrant expression of glia maturation factor (GMF), a proinflammatory protein, is associated with the neuropathological conditions underlying diseases suggesting an important role for GMF in neurodegeneration. In the present study, we demonstrate that absence of GMF suppresses dopaminergic (DA) neuron loss, glial activation, and expression of proinflammatory mediators in the substantia nigra pars compacta (SN) and striatum (STR) of 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) treated mice. Dopaminergic neuron numbers in the SN and fiber densities in the STR were reduced in wild type (Wt) mice when compared with GMF-deficient (GMF-KO) mice after MPTP treatment. We compared the motor abnormalities caused by MPTP treatment in Wt and GMF-KO mice as measured by Rota rod and grip strength test. Results show that the deficits in motor coordination and decrease in dopamine and its metabolite content were protected significantly in GMF-KO mice after MPTP treatment when compared with control Wt mice under identical experimental conditions. These findings were further supported by the immunohistochemical analysis that showed reduced glial activation in the SN of MPTP-treated GMF-KO mice. Similarly, in MPTPtreated GMF-KO mice, production of inflammatory tumor necrosis factor alpha, interleukine-1 beta, granulocyte macrophage-colony stimulating factor, and the chemokine (C-C motif) ligand 2 MCP-1 was suppressed, findings consistent with a role for GMF in MPTP neurotoxicity. In conclusion, present investigation provides the first evidence that deficiency of GMF protects the DA neuron loss and reduces the inflammatory load following MPTP administration in mice. Thus depletion of endogenous GMF represents an effective and selective strategy to slow down the MPTP-induced neurodegeneration.
Introduction
Parkinson's disease (PD) is a progressive disabling neurodegenerative disease. It is estimated that 60,000 new cases are diagnosed each year, joining the one million Americans who currently have PD, and there is no effective treatment for this disease. PD is characterized by the presence of degenerating dopaminergic (DA) neurons, Lewy bodies and activated microglia in the brain. Activated microglia are not only present but also persist in PD brains which facilitate secretion of deleterious inflammatory mediators that contributes to dopaminergic neurodegeneration, and other components of neurodegenerative processes including oxidative stress [9, 12, 14] . The loss of DA neurons in the substantia nigra (SN) and depletion of dopamine in the striatum (STR) results in abnormal motor behavior. Although the underlying cause of PD is not clear exposure to environmental neurotoxin, 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) is known to be associated with the pathology of PD in human and in animal models of Parkinsonism. Several studies on experimental models of PD suggest that sustained neuroinflammation exacerbates degeneration of the DA neurons [11, 32] . Postmortem analysis and in vivo imaging of PD patient brains showed activation of microglia, astrogliosis and infiltration of peripheral immune cells in the SN and STR [11, 27, 35] . These features were also observed in experimental rodents brain after MPTP treatment [17, 21, 26] . The glia maturation factor (GMF), discovered and characterized in our laboratory, is a conserved protein in mammalian brain/central nervous system [22, 23, 40] . We already demonstrated a prominent role for GMF in activation of astrocytes and microglia by various factors and stimuli leading to death of neuronal cells [39] . GMF plays critical role in the pathogenesis of inflammatory and neurodegenerative diseases [38, 42] . It has been previously reported the enhanced expression of GMF in the central nervous system (CNS) of neurodegenerative and autoimmune diseases [40, 41] . Based on proinflammatory functions of GMF [38, 39] , we hypothesize that GMF is involved in the progression of PD. This novel hypothesis is based on the recently demonstrated functions of GMF in which we have shown that GMF-deficient (GMF-KO) mouse astrocytes and neuron-glia in culture are resistant to MPP ? -induced oxidative and inflammatory damages [18] . In the present study, we compared MPTP-induced DA neuronal loss, glial activation, and behavioral motor deficits in GMF-KO and wild type (Wt) mice.
Materials and Methods

Reagents
Enzyme-linked immunosorbent assay (ELISA) kits for TNFa, IL-1b and CCL2/MCP-1, were purchased from R&D Systems (Minneapolis, MN). ELISA kit for Dopamine was purchased from GenWay Bioteck Inc, San Diego, CA. Polyclonal anti-NF-jB p65 and cyclo-oxygenase-2 (COX-2) antibodies were obtained from Cell Signaling Technology (Danvers, MA) and Santa Cruz Biotechnology (Santa Cruz, CA). Secondary antibodies conjugated to horseradish peroxidase (Bio-Rad Laboratories, Hercules, CA), Rotamex Rotarod (Columbus Instruments, Columbus, OH). Male C57BL/6 mice (Harlan Sprague-Dawley, Inc., Indianapolis, IN) and MPTP (Sigma, St. Louis, MO) were purchased.
MPTP treatments GMF-KO and Wt mice were maintained at The University of Iowa animal care facility and were used in accordance with the NIH guidelines approved by the Animal Care and Use Committees (IACUC) at the University of Iowa. All experiments using MPTP were performed using previously published safety guidelines [28] . C57BL/6, adult male mice, were treated essentially as previously described regimen of MPTP treatment [17] .
Animals were randomly divided into four groups (n = 10-12/group). The first group was saline-treated Wt mice and served as control group; the second group of Wt mice was MPTP-treated (four intraperitoneal injections, at 2 h intervals of 18 mg/kg body weight MPTP in saline); third group has saline-treated GMF-KO mice, served as a control group for fourth group mice and fourth group was MPTP-treated GMF-deficient (GMF-KO) mice.
Behavioral Studies
All the behavioral studies were performed at room temperature in a calm room without any outside interference between 09:00 and 17:00 h. The laboratory personnel performing all behavioral tests and data analysis were blinded to treatment paradigm.
Rota Rod
Rotamex Rotarod was used to evaluate the motor coordination skill of mice in each group. The Rota rod unit consists of a rotating rod, which was divided into four parts by compartmentalization to permit the testing of four mice at a time. After twice daily training for two successive days (5 rpm on the first day and 8 rpm on second day) the rotational speed was increased to 10 rpm on the third day in a test session. The time for each mouse remained on the rotating bar was recorded for three trials, at 15 min intervals with maximum trial length of 180 s per trial. The motor deficiency was evaluated as the ability of the mouse to hold the rotating rod.
Grip Strength Test
Grip test was performed as described previously [17] . Briefly, the apparatus consists of a string of 50 cm length, pulled tight between two vertical supports and elevated 40 cm from a flat surface. Mouse was placed on the string at a point midway between supports and evaluated according to the following scale, 0 = fall off, 1 = hangs onto string by two forepaws, 2 = as for 1 but attempts to climb on string, 3 = hangs onto string by two forepaws plus one or both hind paws, 4 = hangs onto string by all forepaws plus tail wrapped around string and 5 = escape.
Dopamine Estimation
Mice form each group were sacrificed and the brains were removed to dissect out the STR. Tissue was homogenised in homogenising buffer provided in the commercial kit. Tissue homogenates were further centrifuged to remove the nuclear debris for the DA estimation by ELISA.
Immunohistochemistry for Tyrosine Hydroxylase (TH) and TH-Positive Cell Counting
Immunohistochemistry for SN and STR was carried out as described previously [17] . Briefly, 20 lm serial coronal brain sections were cut in cryostat (Leica, Germany) and incubated with 0.3 % H 2 O 2 and blocking reagent (5 % normal goat serum, 3 % BSA and 0.3 % Triton-X 100) followed by incubation with the primary rabbit anti-goat TH antibody (Millipore, Temecula, CA) for overnight at 4°C. The sections were then washed and incubated for 2 h with biotinylated secondary goat anti-rabbit antibody at room temperature followed by ABC standard kit solution and diaminobenzidine as a substrate (Vector Laboratories, Burlingame, CA). All the washings were performed with phosphate buffered saline (PBS). Finally the sections were dehydrated, cover slipped, viewed under a microscope and photomicrograph were taken. The total number of THpositive neurons in SN was counted from three mice per group by using the optical fractionator, an unbiased stereological technique of cell counting [33, 34, 36] . For the quantification of TH-immunoreactivity in the STR, mean optical densities were obtained from immunostained sections. NIH Image J software was used to quantify the TH positive neurons and fibres in SN and STR. For quantification purposes, at least five randomly selected fields were examined and averaged. Numbers of TH positive cells were represented as percentage of control.
Immunofluorescence for the Detection of Glial Fibrillary Acidic Protein (GFAP), Ionized CalciumBinding Adaptor Molecule 1 (Iba 1) and COX-2
Immunofluorescence staining was performed to detect expression of astrocytes (GFAP), microglia (Iba1) and COX-2. Serial coronal sections were incubated with blocking reagent followed by primary antibody (rabbit anti-goat GFAP or Iba1 or anti-COX-2) overnight at 4°C. After washing in PBS, the sections were incubated with Alexa Fluor-488/568 labeled secondary antibody (goat anti-rabbit) at room temperature for 1 h. The sections were then cover-slipped in mounting media and stored in the dark at 4°C until analysis. Image J software was used to quantify the TH positive neurons and fibres in SN and STR. Number of GFAP/Iba1/COX-2 positive cells is represented as percentage of total positive cells.
Western Blot Analysis
Mid brain were collected from the GMF-KO and Wt mice after MPTP treatments. Samples of nuclear fractions containing equal amounts of protein (35 lg) were separated in 12 % SDS-polyacrylamide gel electrophoresis. Proteins were transferred onto PVDF membrane and incubated overnight at 4°C with primary rabbit polyclonal antibody against NF-jB p65 (1:1000 dilutions), followed by appropriate secondary antibodies conjugated to horseradish peroxidase (HRP). Proteins recognized by the antibody were visualized by enhanced chemiluminescence Femto kit (Thermo Scientific, Rockford, IL). Blots were stripped and re-probed for b-actin (Sigma) as a loading control. Bands intensity was measured by densitometry and quantified using NIH-Image J software.
ELISA
Tissues were homogenized in tissue lysis buffer (50 mM Tris-Hcl, pH 8.0, 5 mM NaCl, and 1 % Triton X-100). Following centrifugation, supernatants were used for determination of GMF, TNF-a, IL-1b, GM-CSF and MCP-1 by ELISA according to manufacturer's instruction. Minimum sensitivity of these kits are 10-20 pg/mg protein. The lower detection limit of GMF ELISA is 15-20 pg/mg protein.
Statistical Analysis
Results were expressed as mean ± SEM. Statistical significance was assessed by one-way analysis of variance (ANOVA) followed by the Tukey test. Alternative, Student t test was applied to calculate the statistical significance between the genotypes using GraphPad InStat software. The p value \0.05 was considered statistically significant.
Results
MPTP-Induced Upregulation of GMF Expression in the Substantia Nigra and Striatum of Mouse Brain
To determine the involvement of GMF in the DA neurotoxicity, we administered MPTP or PBS (control) into male Wt mice. The expression of GMF in the microdissected SN and STR, regions known to be involved in PD pathology, were measured by ELISA using a combination of specific affinity purified anti-GMF antibodies. Results from three mice each, at day 1, day 3, and day 5 post MPTP treatments indicated significant up-regulation of GMF protein in the SN and STR (Fig. 1 ). In the SN, GMF increased from 154 pg/mg of protein to 565 pg/mg of protein (3.7-fold increase), from 137 pg/mg of protein to 730 pg/mg of protein (5.3-fold increase), and from 145 pg/mg of protein to 785 pg/mg of protein (5.4-fold increase) at day 1, day 3, and day 5 following MPTP treatment, respectively. Similarly, in STR following MPTP treatment GMF increased from 107 pg/mg of protein to 338 pg/mg of protein (3-fold increase), from 108 pg/mg of protein to 487 pg/mg of protein (4.5-fold increase), and from 114 pg/ mg of protein to 559 pg/mg of protein (4.9-fold increase) at day 1, day 3, and day 5, respectively. These results demonstrate a significant upregulation of GMF is associated with MPTP neurotoxicity in Wt mice.
GMF-KO Mice Show Reduced Glial Activation Following MPTP Treatment
Activation of microglia and astrocytes, a hallmark of neuroinflammation, has been reported in PD patients and in experimental models of PD. In the present study we analyze astrocyte (GFAP) and microglial (Iba1) activation 5 days post MPTP-intoxication in Wt and GMF-KO mice. For this purpose Wt and GMF-KO mice received 4 s.c injections of saline or MPTP (2 h intervals, day 0), and were sacrificed at day 5. GFAP immunostaining in the mid brain revealed branching as normally observed following astroglial activation and increased number of activated astrocytes after MPTP treatment in Wt mice as compared to PBS injected controls, and was significantly reduced in GMF-KO mice when compared to MPTP-treated animals (Fig. 2) . The results also revealed significantly reduced numbers of Iba1-positive activated microglia in GMF-KO mice compared to Wt mice following MPTP-treatment (Fig. 2) . The immunofluorescence results were quantitated and presented as GFAP or Iba1-positive cells (% of control) as shown in Fig. 2 . There was no significant difference 
GMF-KO Mice Show Reduced Expression of NF-jB and COX-2 in the Mid Brain Following MPTP Treatment
In the present study, we have quantified MPTP-induced translocation of NF-jB in the presence and absence of GMF. To detect and quantify NF-jB activation, the translocation of NF-jB p65 subunit to the nucleus was assayed in the nuclear extracts of mid brain using a subunit-specific anti-p65 antibody. MPTP-injected GMF-KO mice displayed significantly (p \ 0.05) reduce levels of NF-jB p65 protein in nuclear extracts as compared to Wt mice 5 days post MPTP treatments (Fig. 3a) . We further investigated expression of a NF-jB-responsive gene, COX-2, by fluorescence immunohistochemistry. Similar to NFjB p65, we found significantly reduced number of COX-2 positive neurons (p \ 0.01) in MPTP-injected GMF-KO mice as compared to Wt mice (Fig. 3b) . Histogram in Fig. 3 shows mean densitometric values of bands after normalizing with b-actin. There was no significant difference at the basal expression level of NF-kB and COX-2 positive cells in the brain of PBS treated Wt and GMF-KO mice.
Diminished Level of Cytokines/Chemokine in the Mid Brain of GMF-KO Mice Following MPTP Treatment
In addition to glial activation, we also assessed the levels of TNF-a, IL-1b, GM-CSF and CCL2/MCP-1 in the mid brain, as a measure of inflammation in the mid brain these mice. MPTP treatment showed consistently decreased levels of TNF-a, IL-1b, GM-CSF and CCL2/MCP-1 in GMF-KO mice when compared with Wt mice (Fig. 4) . The levels of TNF-a were 158 ± 21, 753 ± 38, 934 ± 18, and 1144 ± 32 pg/mg protein in Wt mice at 0, 2, 5, and 7 days post MPTP treatment, respectively. TNF-a levels were significantly reduced to 44 ± 14, 212 ± 11, 321 ± 25, and 389 ± 20 pg/mg protein during the same time points in GMF-KO mice (Fig. 4) . Similarly, the levels of IL-b (99 ± 18, 557 ± 45, 664 ± 44, and 859 ± 55 pg/mg protein), GM-CSF (111 ± 16, 592 ± 26, 738 ± 31, and 896 ± 30 pg/mg protein), and CCL2/MCP-1 (124 ± 20, 690 ± 51, 821 ± 54, and 1066 ± 69 pg/mg protein) at 0, 2, 5, and 7 days post MPTP treatment, respectively, detected in Wt mice were significantly reduced in GMF-KO mice as follows; IL-b (41 ± 11, 220 ± 18, 240 ± 25, and 307 pg/ mg protein), GM-CSF (46 ± 17, 185 ± 11, 259 ± 15, and 298 ± 8 pg/mg protein), and CCL2/MCP-1 (54 ± 14, 267 ± 24, 297 ± 32, and 377 ± 30 pg/mg protein). Thus, these results confirm significantly reduced MPTP-induced neuroinflammation as evidenced by decreased glial activation and significantly reduced production of proinflammatory cytokines/chemokines in GMF-KO mice.
GMF-KO Mice Show Reduced Nigrostriatal Dopaminergic Neuron Loss Following Acute MPTP Treatment
To test the hypothesis that GMF plays a prominent role in dopaminergic neurodegeneration, we investigated DA neurodegeneration in SN and STR following MPTP treatment in WT and GMF-KO mice. For this purpose Wt and GMF-KO mice received 4 injections of PBS or MPTP (2 h intervals, day 0), and were sacrificed at day 2, 5, and 7. The effect of MPTP treatment on Tyrosine hydroxylase (TH)-positive neurons in SN and STR was evaluated (Fig. 5) . MPTP treatment caused significant DA neuronal loss (brown color) in the SN (Fig. 5a ) and neuronal fibers (brown color) in the STR (Fig. 5b) of Wt mice. In contrast, GMF-KO mice showed diminished dopaminergic neurodegeneration in the SN and the loss of striatal DA fibers was largely attenuated in GMF-KO mice. The number of TH-positive neurons in the SN was counted in three mice per group under microscope and optical density quantification of TH-immunoreactivity in the STR was obtained from immunostained sections with previously described image analysis procedure. In Wt mice the TH-positive neuronal cell counts in the SN 2 days after MPTP treatment were 49 % of the control PBS vehicle treated mice; 5 days, 23 %; and 7 days, 32 % (Fig. 5c) . However, in GMF-KO mice neuronal cell counts 2 days after MPTP treatment were 60 % of the control vehicle treated mice; 5 days, 74 %; and 7 days, 85 %. A significant difference in the DA neuron loss between Wt and GMF-KO mice after MPTP treatment, with a greater loss in WT mice occurred at day 5 (Fig. 5c) . Thus, quantitation of DA neuron in MPTP-treated Wt and GMF-KO mice confirmed the histological findings (Fig. 5a ). The decrease of TH-immunoreactivity occurred in the STR of Wt mice 2 day after MPTP treatment (28 % of vehicle-treated control mice), 5 days (33 % of control), and 7 days (31 % of control), whereas in GMF-KO mice the MPTP-induced decrease of TH-immunoreactivity was markedly attenuated (2 day of PBS-treated control mice 87 %, 5 days 89 %, and 7 days 92 % of PBS-treated control). Densitometric estimation of TH-immunoreactivity levels in the STR confirmed that MPTP induces a greater loss of dopaminergic neurons in the presence of GMF in Wt mice when compared with in the absence of GMF in GMF-KO mice (Fig. 5d) . These results demonstrated a significant difference in TH neuronal loss at each time point after MPTP treatment in the SN as well as STR between Wt and GMF-KO mice suggesting an involvement of GMF in MPTP-induced dopaminergic neurotoxicity. There was no significant difference at the basal level of TH-positive cells in SN of PBS treated Wt and GMF-KO mice.
Attenuation of MPTP-Induced Dopamine Depletion And Motor Behavioral Impairments in GMF-KO Mice
A reduction in tyrosine hydroxylase, dopamine, and DA metabolites concentration is hallmark of Parkinson's disease and the main cause of behavioral disorders. To explore the effect of lack of GMF, we examined the concentration of dopamine in brain tissues from Wt and GMF-KO mice 5 days post MPTP treatments. Results (Fig. 6) show that the MPTP treatment significantly (p \ 0.01) decreases the level of dopamine in Wt mice (32.84 ± 6.57 ng/mg protein) as compared with the saline treated Wt mice (127.31 ± 18.58 ng/mg protein). GMF-KO mice showed significant (p \ 0.05) suppression of dopamine loss (60.55 ± 13.96 ng/mg protein) as compared to Wt mice (32.84 ± 6.57 ng/mg protein) following MPTP treatments (Fig. 6) . Next, we compared the motor abnormalities caused by MPTP treatment in Wt and GMF-KO mice. Mice were subjected to behavioral tests 5 days after MPTP treatment. In both Rotarod and Grip strength test, GMF-KO mice performed better than Wt mice (Fig. 7) . For this purpose, the mice were pre trained on the Rotarod and tested at a series of increasing speeds, recording the time that the animal remains on the rod at each speed. The Grip strength was rated on a scale of 0-5. On the Rotarod test, the latency of GMF-KO mice to fall was significantly (p \ 0.01) reduced compared with Wt mice followed by MPTP treatments (Fig. 7a) . GMF-KO mice also displayed a significant (p \ 0.01) grip strength compared with Wt mice after MPTP treatment (Fig. 7b) . Wt mice treated with PBS only did not display differences in latency to fall and grip strength test. These results show that the MPTP-induced dopamine depletion was attenuated in GMF-KO mice along with improved motor behavior when compared with Wt mice following MPTP-treatment. We didn't find any significance difference at the basal level of dopamine and motor skills of PBS treated Wt and GMF-KO mice.
Discussion
The present study demonstrates that deficiency of GMF rescues the DA neuronal loss and reduces the inflammatory load following MPTP administration in mice. Absence of endogenous GMF represents an effective and selective strategy to reduce the MPTP-induced neurodegeneration. PD, one of the most prevalent and progressive neurodegenerative diseases, characterized by tremor and motor impairments due to the loss of DA neurons in the SN [2, 7, 20] . However, the cause of the DA neuron loss in PD has not been fully understood. Parkinsonian neurotoxin MPTP is known to produce PD pathology in both humans and mice by inducing the DA neuron loss [29] . Recent studies have indicated that GMF is involved in the pathogenesis of neurodegenerative diseases [41, 42] . However, the exact association and underlying mechanism of GMF in the loss of DA neurons in PD is not clear. In the present study, we tested the hypothesis that deficiency of GMF would rescue the DA neurons loss and improve the motor deficit through the downregulation of the glial mediated neuroinflammatory cascade. For this purpose, we first measured the GMF level in the brain of Wt mice after MPTP injections. We found enhanced level of GMF in Wt mice followed by MPTP injection as compared to saline treated Wt mice. Our finding on enhanced GMF level following neurotoxin insult was consistent with previous reports where enhanced level of GMF in the brain has been documented in many conditions associated with inflammation and neurodegeneration [38, 42] . Since an enhanced level of GMF is a prominent mediator of inflammatory signal transduction in the brain leading to the neuronal death, we determined how the lack of GMF affects the regulation of inflammation and loss of DA neurons in MPTP model of mouse. To explore the vulnerability of DA neurons in mice, we treated Wt and GMF-KO mice with acute MPTP challenge. Data on GMF-KO mice indicate improved motor skills, reduced loss of TH-positive DA neurons and fibers along with dopamine, and diminished level of proinflammatory cytokines compared to control Wt mice. The reduction in MPTP-induced neuroinflammation was quantified by decreased number of astrocyte and microglia as well as downregulation of NF-kB and proinflammatory cytokines/chemokine in GMF-KO mice. The decrease in glial activation in the GMF-KO mice was also associated with increased TH-positive neurons following MPTP challenge, suggesting that suppression or inhibition of endogenous GMF may be an effective and selective strategy to slow down the inflammation associated neurodegeneration in the PD pathogenesis. Our findings are in agreement with the earlier studies carried out by us and others, where neurotoxins are known to potentiate inflammatory responses in presence of GMF and down-regulation of GMF reduced the inflammatory responses and suppressed neurodegeneration [15, 16, 18, 41] . These data provide support to our hypothesis that increased levels of GMF in the PD brain contributes to neuroinflammatory and neurodegenerative processes.
The most prominent biochemical changes in the mid brain of PD patients and MPTP-treated mice were decreased levels of dopamine [4, 13] . Such deficits in striatal dopamine in MPTP-treated mice led to a decreased latency to fall on an accelerating Rotarod, reflecting diminished coordination and balance [16, 31] . Another study has hypothesized that preservation of the DA neurons may contribute to improved functional outcome in PD [5] . The hypothesis is consistent with the present finding that GMF deficiency improves MPTP-induced behavioral changes (Rotarod and grip strength performances) and protects against MPTP-induced DA neurotoxicity. It is worthy to note whether neuroprotection afforded by lack of GMF results in the restoration or prevention of further decrease of DA neurons in the mid brain of mice. Our TH immunostaining revealed that absence of GMF reduced the loss TH-positive neurons and density of striatal TH-positive fibers following MPTP treatment. Then, it is likely that that absence of GMF play a key role in improvement of MPTP-induced motor dysfunction and suppression of DA neurodegeneration.
The importance of glial involvement and upregulation of proinflammatory mediators in PD have been supported by the analysis of PD patients post mortem brains that provided clear evidence of glial activation in the SN region [6, 25, 27] . We have previously shown that overexpressing GMF in astrocytes promotes the production and secretion of GM-CSF which in turn activates microglia and play critical role in mediating neurotoxicity [39, 42] . In the present study, we report that absence of GMF suppressed the glial cell activation-induced inflammatory response and rescued DA neurons from MPTP-induced toxicity. Our data are in agreement with other studies where blockade of microglia activation by selective inhibitors prevented MPTP-induced neurotoxicity [3, 24, 37] . Therefore, we assume that GMF antagonist might well serve as a novel compound that could be used as an anti-inflammatory agent for PD.
Activated microglia upregulates NF-jB nuclear translocation and releases various inflammatory mediators, including TNF-a, IL-1b, and chemokines [1, 8, 19] . The transcription factor, NF-jB plays an important role in the regulation of several proinflammatory mediators that are directly involved in neuroinflammation and neurodegeneration. Selective inhibition of NF-kB can prevent DA neuronal loss in a MPTP-induced mouse model of PD [10] . Astrocytes and microglia are the primary sources of cytokines and chemokines that play a role in the neuroinflammatory responses [30] . From these observations, it is clear that cytokines and chemokines produced by glial cells may play a key role in neurodegeneration after MPTP treatments. Similarly we also found increased expression of NF-kB and proinflammatory cytokines/chemokine TNF-a, IL-1b, GM-CSF and CCL2/MCP-1 following MPTP treatment and the absence of GMF suppressed the glial cell activation-induced upregulation of NF-kB and proinflammatory cytokines/chemokine and rescues DA neuron from MPTP-induced toxicity.
Conclusion
In summary, our data demonstrate that MPTP-induced overexpression of GMF in glial cells lead to activation of inflammatory signaling pathways resulting in neuronal cell, target cell population in PD, injury and motor behavioral dysfunction (Fig. 8) . Conversely, in GMF-KO mice activation of NF-jB was significantly suppressed along with reduced expression and secretion of inflammatory mediators resulting in attenuation of motor deficit. This may have important implications in neurological disorders such as PD. To the best of our knowledge this is the first report in which deficiency of GMF is demonstrated to rescue the dopaminergic neuronal loss via down regulation of inflammatory responses in an experimental model of PD, thus emphasizing the therapeutic potential of GMF in inflammatory disorders.
